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(54) UTHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium secondary battery having proper 
input/output characteristics in a short time, even in a low-temperature environment 
SOLUTION: This lithium secondary battery comprises a positive electrode formed of a 
positive electrode mix containing a positive electrode active material, a conductive 
material and a binder, a negative electrode, and a nonaqueous electrolyte prepared by 
dissolving a lithium salt in an organic solvent. The battery is composed so that the 
positive electrode mix further contains activated carbon, and electric double-layer 
capacity by an alternating current impedance method is set to 3F/Ah or larger per 
battery discharge capacity. By increasing the electric double layer capacity, the time 
constant of the battery is increased, a time delay is generated in voltage variation 
attributable to reaction resistance of the battery, and as a result, the variation of the 
battery voltage in a short time from the start of charge and discharge is reduced, so that 
the input/output characteristics in a short time are improved. 
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ZftMLtc. te©«fi£«, ±fB#l 1 OUf9AZ*l 
?&t|tl^©fe©iLfc, 

[0 0 5 2] <istm^ft©i¥ffi> itB^-n^n© u 

IViTiifgO. 2mA/cm J ©3SmSi!T^E@L 
/t^. »S*llt«m3. 0V2.-znffi.®g.0. 2 mA/ 

cm 2 ©^««5tT^«-r-5?£iJca-y-'r ^;i^Sr i-y--<5';p 

1. 1 mA/cm'©^Q$itT^mLfcfS. 
iE3. 0V$TS85S-S1. 1 mA/c m J ©^fl;i51tT 

T. ^©3-9-^ ^^^©KftSffiSail^b, ^-tl-f-'tl© 

■j?^A-^«^©^m5S&@^ftt Lfc. 
[0053] -en-^tiwu^^A-^m^c^ 
lt. rai;9R%aft2 5t:©TT, 3fem*?±mji4. i 

VST«8fJS-gl. 1 mA/cm*©£mfftT3femU 

mjBET^-r-sjemnit^mjEjitmsfToit^, »«*iit 

mi£ 3. 0 ViT®Sit^S0. 2mA/cmi©^mgit 



(8) 
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[0 0 5 4] ±f3&«§2$J£©i!Sj|l<t:LT. TIB« 1 



[0 0 5 5) 
[«1] 



SffcN o 


(wt%) 


(mA h/g ) 


(m Ah/g) 


IE IB 


MM 


# 1 1 


0 


0 


14 3. 9 


16 3. 4 


# 2 1 


2 


0 


14 4. 1 


16 3.3 


#22 


5 


0 


14 6. 6 


16 4.5 


#23 


1 0 


0 


14 6. 1 


16 5. 4 


# 3 1 


0 


2 


13 2. 7 


14 4. 2 


#32 


0 


5 


112. 9 


119. 5 



[0 0 5 6] ±l3*ld^*)J*«fc'5C jEgfcffi*fe&£ 

[0 0 5 7] CtltMb, ft«E:«tt«***;£ttfc# 
3 1, # 3 2<£>'J^£AIl#;m«, f§tt^£^££-y- 

T^«>. 3 2 <»}) 



[0058] <m^-fijf ^sifffi) jbE-tft-fnou 

(SOC0 9S) ±te*frCD3£« 
«St£mj£;fett£fT-?T, SOC4 0 %<D5tfl«^ t L 
ft. HOiJf>JA^tftl:#UT. ±SLfe&tt'f > 

[0 0 5 9] 
[3E2] 



(9) 
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N o 


iStt lit d#f!l-& (wt?6) 




jj_ Via 


fig 


H SI til 
(F) 


(F/Ah) 


( m F/ c m') 


# 1 1 


0 


0 


1 . 0 


1. 7 


2.1 


# 2 1 


2 


0 


11.4 


2 0.8 


2 3. 5 


#22 


5 


0 


2 4. 1 


4 2. 1 


4 9. 6 


#23 


1 0 


0 


4 4. 9 


8 3.0 


9 2. 4 


#31 


0 


2 


1. 0 


1. 9 


2 . 1 


#32 


0 


5 


1 . 0 


2. 3 


. 2.1 



[0 0 6 0] ±f3^2^6*iJ-5<fc5{C, JESKSttE^ 
2 1 ~# 2 3«'J?!>A-^i?ill ffitt^ 

£^r£-ttTu&^# 1 1 <DVfy&-#.nmttt%a, 

43 0. MWMTH ««fc«£S&*:t9 3 F/A 
h. jE^Mfa&tzV 4mF/cm ! tl551&tt^lI 

1 Ow t %©&J-&T-g-*^-B-fe# 2 3©iJf^A-*f 
?fi-ete, mmStm^a^fcD 8 3. OF/Ah, IE®® 
8H.fct)9 2. 4mF/cm*£gse>Tit5^M£:&3:: 

[0 0 6 1] AStfgt4w$-§#-r-2># 3 1 . # 

[0062] <mmm3ztfrn&&<Dmm) mm.-mmm 

i^t*^t#2 2, # 2 3<DV^OA—An$li:, 
Z.tl£>ttt&?Ztztf><D# 1 1 C0U^^A-*m?l6<ttt 
OI^T, 1MS2 OttSJ:^- 3 0t©S^5 2^© 

fflftfomumte, ^n?ti<DmmmmT, soc4o% 

K^mLfc-€-n-e-'*X<DU^A«?t!l£, 0. 25-2. 
5 A<o®H<D«*©-j£«j5f-ei o#p^3fe«45J;u:^m 

[0 0 6 3] ±IE^B?F^3teifc«tt^W^ W lOtL 

t. mmmm2 otiT© i Ao^msg&mKfctt-s*- 
umx-cD i Aco^m^mfciJtt^^-n^-'nou^^A 
3 ox;tto i A(D&mmi&m\z&v2>*ti?ft<Di)? 



[0 0 6 4] 1^13 2 O'CK&t^Tte. &@*5J;tf3fe 

mmzntz. mm.u&2 ox;-c\$±misrzfcfet&mztt 

5%)gk\$mmiz\zt£.-z>T\,m\,K 
[oo6 5] ntucafu mmK^^^&^mm 

fig- 3 O'CK&UTte, ^--AJgfex45J:^KJSiStn;^ 
fgtt£?£i3sfl0LT^&^# 1 KDU^^ASSi 

SsiQLfc* 2 2*5j;tf# 2 3CO'J^"i7A-i>:«?i6«, ^~ 

-&t&mz&m?z&mti.w.itimj£<D^t\-zmmi!tiz> 
h<o<D. Ki^i&tn\zB@-ri>mmmi£<D^ititmm^n 

•£>„ # 2 2 *3«ttS# 2 3©U^£A-.&S?te# 

<Dmtz&-3Tmstiz>±&Ltzmfe$i.tf*2<, 

■^A-^ttMidt, # 2 2©'J5 L ^A-^m?l6tCJtiKL 

[0 0 6 6] iOMWllMTStH MSfr<bffi,fr 
«3. 0 V tlSilZLfzm&IZte* #1 

mm-c\ti&mmmmm i s o . 3^t@u<Dtc^LT, 



(10) 
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#22, #2 3©'jf)ArMflli 1&m*imi%fcW 

■€-n-?n*?)2. 6fck i&4. 9f$>t&<U-oT^Z>. £ 

*ffi*0y*.«4. 2 Vi|g)£LfcS-&C«, #11©U 
^^A-^:«ffiTtt^E«aItE^fM***?lO. 3^<hM^O 
KittLT, #2 2. # 2 3<DV7VA-frmmte. tkM 

*94. 9fJ><fcfi<7itt>T^-5. 
[0 0 6 7] #I,>T, «TIC^-r*teC«kt), ±SBffi^ 



MC^-r^n^<D®ffi@ffiV = V D ( I ) (V„*ife« 
mfiftl CDK&T&Sdt^Sijrf -5) ^e>. V = V CU1 
<h&3«^ffiI BJI £tf^5££ffll,>T#a£>. V c „,x I 

■?-tl-etlO'J5 i e'A=:^«?fi<D2 Ot:iC*3^-5)3 V*-y 
M0»fi, - 3 OTCK&tt^. 5V*yh2# 

m*fit*3 J:^ 1 o#ta^M^, Tie^3ir^-r. 

[0 0 6 8] 
[JS3] 



0 


mmmm 20-0 


m#m.&- 3 o-c 


3 V* v \ 

1 o&mpm cw) 


2. sv**n 

28>aiAf (W) 


2 . 5 V * y h 
1 0S>tb*«t (W) 


# 1 1 


2 6. 9 


4. 9 


4. 3 


#2 2 


2 7.4 


6. 5 


4 . 9 


#23 


2 4.8 


6 . 5 


4. 4 



[0070] z<Dz^\t, m?L&. /w :/y * na-ja 



br, R&^^mttiBTofflwwtaAWttswflB-r^ 

<, Mg-3 0tTT, SOC20%, 6 0%, 1 

o o %T~<D. i A<Di£niMtknmz&»% 1 o^ruos 

ffi«JEOaYk*Sr*>»J3Ebfc. u^StlT, TIBS 

4 (c, ^ u i©§ s o c icis^s 

«?fe«JEE<0*ft;fi£\ ±ESOC4 0?G.;:;SW-*tt«MI 
EEO^bfitC^bTS^kbfcffl (SOC40%C^ 

*«»«jBE<o&ft;s* 1 . o o tLrcm^(DttT*misfc. 

ffl) T^-To 
[0 0 7 2] 
[*4] 



ilNo 




S 0 C 1 0 0 % 


S 0 C 6 0 % 


S 0 C 4 0% 


S 0 C 2 0 % 


#11 


1 . 0 6 


0 . 9 0 


1.00 


2 . 13 


#22 


0 . 9 9 


0 . 9 3 


1 . 0 0 


1 . 19 


#23 ; 


1 . 0 5 


0 . 9 7 


1.00 


1.03 



[0 0 7 3] ±|B*4^6*iJ*«t5»C, Knfc*tt!8T 
-5SOC 2 0 %IC*5^T. # 1 1 OU?^A-^:m?l!i« 



tt*<S*T^^OlC«LT. fctt&fcgxflDbfc* 2 2*5 

«ttf# 2 3<D'j^^A-^m?t«. asfemjEODS^tt/jN 



(11) 
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[0 0 7 4) (wvMkvmm) > j?"5&-Ammiz ! &m 
t^ti^#tt<D-^tUTWXtt*^ife>n-i>o mz. 
mmfcfe&mmk?zftmmmT\z&vzwi!Km<mM 

tttZfctb, JbSE#ll. # 2 2 43 e ktf# 2 SCDU^tf 

C CD 2 "3 C •T) T CO&S 8 £ fr o . 
[0 0 7 5] J*«-iM ^;Ht»tt, IrtlJetHDVmj* 

-Amm\z-o^x. 6 oro*aai*T. £at«o^#t 

m l c05£Sg(tT'3fcSL*:^ 1 0 #flcit£-B\ ^><,>Ti&: 
«^itflJE3. 0 V*T2mA/cm J co^mffi _ CiS:« 

s-e-jt^, i otfttit-r-s-tM^;^ i-y--f suutu 
[0 0 7 6] iisfia«^is^«. ^-ti^-'nou^^^z:^: 

iBST. 5fem3&lhSflE4. lVtTl«i«l. 1mA 



^*iasTic2iiF B i«# mm) ufc. ^cou 

JE3. 0VST0. 2mA/cm*<DfenVH-VtSin2 J & 
TO. 2mA/cm J 0^«St-C^m$-&-5^m«t4S:ll 

<&3-y-f t?)vmm\^tc. ^lt, 3-9-r^;pecois:@^ 
it. mzmmvrcmmm.m2 5 x:\zmt ^mm^.mBE. 

SftSiL, ■e-tl-£ r tlcO'jg 1 <?A-*mjl&cD»«gS 

[0077] ±iES5iau-f ^;na»*3J:(yf±iBies)B«i¥ 

ncDD^An^^tilCD 3 0 0-tM' ^;us©AJti 

[0 0 7 8] 
[*5] 





3 0 0 -f £ ;i/ B © 
2ftS$£?fi*i# (%) 


(%) 


# 1 1 


8 6. 4 


9 2.0 


#22 


8 6. 1 


9 2. 0 


#23 


8 7.8 


9 0.7 



[0 0 7 9] 0 7fe£tf±iB3E5a>6>l|llSa>fc«k5K:, 
f§tt^^iE^lC^J)DLfc# 2 2*5<tI/# 2 3 CO U 3^ A 

— %.mm\t> ei4^s-^jtiDLTt/^j:ti# i icdu^a 

[0 0 8 0] ±EU?*A=&« 
[0 0 8 1 ] ±l3ffitt«0 8 omfifflt. SSitSO 



ibxcopvd f^2 oaaa^g-g-u 



tLTi 



CDNMPSr^itJDbT^tC^b, -^-X h #©«<£•& 
^SrsBSSLfc. i(D-&«^T;U£n^A?Smm^C0it® 
K:&*|jU ^^-CD-^^l/XlCTJBEMbT 
m©fi$r^Si!L. ^©mH«£il&l 5 mm <<>©:*££ 

tntft^T. n^costt^astLfe. £©»e«* 

S^-feAlx-^Sr^-LT^JSU^CAt^frSl^-li-. #7* 

-h<hvX^U#-tf*-h<h£flcmit3 : 7Kfi*L 

/.t ^. «t 5 IC m M b t> © ^ ffl (, ife. 
[0 0 8 2] Z\<D#f>m<D--A.mmzttlsT, 2 5"C 

co^^tasT. 3fe«$i±mEE4. 3 vmx-mmmm 1 . 

1 mA/cm J co^mgitT5EmLt^-€-comMEET-^ 



(12) 
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«£?T^> fOi, ttttKlI:ttE3. 0V£T0. 2m 
A/ c m»©£*SrCitt*Sl**fc«*;iMiSfT 5tM 

©ffiSl-SJl^fl fit, ^-oi^riig 

/fc9©m^-fijf^g£»{ijb7c. -tots*, ±I3fttt 

*o*ttaft*&Do«ftnajB«fi«. 1 1 oF/g 

[0 0 8 3] ^lC*T2*bfe±IB#2 1~2 30'Jf 

¥^-rn«. 1 7F/gT$ofc. ^©tftt. _te 

T** 1 1 0 F/giU3tt»-at4t3SATJ: 
[0 0 8 4] Lft*bT, 'J^^A-^Sfl6**A«f^ 

[0 0 8 5] 

[»«©!»*] "J ^-2 A -t©jE 



****** 5 c*j«T*t>©T**. 

[02] >tf-^>^SIrcfc^.TSiJS^n/c-f 
>tf— y>XSr?g^^S±(c^^bfeC o 1 e-Co 1 
e :/0 y hSr^T. 

[0 3] *j6«nrffofc«n9wi*«[«st«o»*ib 

T, OtTT© 1 A©ft««»«fc*W*-t 

*Ufn© U 5^i> =3fc«tt©«BES6fl:*jftT. 

[04] **««ITfT-ai(t:»«HHISstt*ttlfc©tt*iL 
T. iR*iaft2 OtTTOl A©Jgt@8iE^miC*SW*-€- 

[0 5] **«T?fTofciEWrM*tt*tt»©IS*tL 
T, id*ilflE-3 0*CTT©1 A©3t*SMft«»C*Wa 

*n-€ r n©u5 i ^A-3fc*»©*£ESE'ft*«-r. 

[0 6] *JS«Tff-3fcffl«Hlfl*lS«Ktt©Mf*tb 
T, at^iBK-3 OtTTOl A©jeS8K^«C*3ttS 

•€-*x-en©'j^'>A-^«?i&©«flE^k*^-r. 
[0 7] s)MS«!n?fTofc*ji-y-f ^;wgi©ai*tb 



[01] 



[0 2] 



Rohm 



Cdl 



L - AM— 1 

Ret 



[B5] 




a* =1 /(Cdi Ret) 
coo 




Rohm 



Rohm + Ret 
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[03] 



[04] 



3.70 



.3.65 












O #22 




J 


1 


□ #23 




3.60 




X #11 




2 








u 








^ 3.55 








3.50 






1- — 1 — 1 1 1 1 


C 




5 


10 



s 



3.65 



altera ob>> 

16] 




100 



3.60 



3.55 




[07] 




0 50 100 150 200 250 300 350 



(72)*gi* ULiea #0 



F^*-A(##) 5H029 AJ02 AK03 AK18 AL06 AL07 
AL12 AM03 AM04 AMOS AM07 
BJ02 EJ04 EJ12 HJ01 HJ02 
HJ07 HJ19 
5H050 AA02 BA16 BA17 CA08 CA09 
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EA09 EA24 HA01 HA02 HA07 
HA19 



